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Summary. Zimbabwe has one of the worst HIV epidemics in the world. This study investigated data 
from two successive Zimbabwe Demographic and Health Surveys (ZDHS) conducted in 2005–06 and 
2010–11. A random representative sample of 30,000 men aged 15–59 and women aged 15–49 was 
selected from the two surveys. The HIV prevalence was mapped with a flexible, coherent regression 
framework using a geo-additive semi-parametric mixed model. HIV indicator prevalence maps were 
constructed at the regional level, and at the administrative level relevant for policy design, planning 
and decision-making. Substantial regional variation was found, not only in the burden of HIV, but also 
in its risk factors. The results suggest that responses/policies should vary at the regional level to ensure 
that the often diverse needs of populations across a country are met and incorporated into planning the 
HIV response. The use of geographically referenced data in two successive ZDHS provides crucial 
new insights into the spatial characteristics of the HIV epidemic in Zimbabwe. In particular, it 
highlights the HIV heterogeneity across Zimbabwe, with substantial regional variation, not only in the 
burden of HIV, but also in its risk factors.  
Introduction 
Zimbabwe, a southern African country with a population of 15,603,000 people, has one of the worst HIV epidemics 
in the world with an estimated prevalence in 2014 of 16.7% amongst 15- to 49-year-olds (UNAIDS, 2015a; WHO, 
2017); this was down from a peak prevalence of 27.7% in 1997 (UNAIDS, 2015b). However, a reduction in 
prevalence reported nationally could be obscuring the spatial prevalence and the temporal dynamics of the HIV 
epidemic at a sub-national level. Zimbabwe is made up of 10 regions (Figure 1). Gonese et al. (2015) found striking 
variations in the change of prevalence amongst males and females across different Zimbabwean provinces. Over a 6-
year period in Zambia, regions changed from being among the highest HIV prevalence areas to becoming one of the 
lowest, and vice versa (Kandala et al., 2011). Another study found greater significant declines in HIV prevalence 
among young urban women compared with young rural women in Zambia (Sandoy et al., 2006). Cuadros and Abu-
Raddad (2014) found that areas with low HIV prevalence in several sub-Saharan countries had experienced further 
sharp declines, thus driving a national reduction in prevalence. However, prevalence has continued to rise or remain 
steady in some areas of sub-Saharan Africa with high HIV prevalence. Therefore, consideration of the spatio-
temporal dynamics of the HIV epidemic at sub-national level is important as this could guide effective and targeted 
service delivery as well as intervention planning for the future.  
 The current study aimed to investigate the sub-regional changes in HIV prevalence in Zimbabwe over the 5- 
to 6-year period between 2005–06 and 2010–11. Thus, the study contributes to the Zimbabwe National HIV and 
AIDS Strategic Plan II (ZNASPII), which aims to promote the equitable distribution and delivery of services 
countrywide (National AIDS Council, 2011). 
Methods 
Data collection 
 Data were from two successive Zimbabwe Demographic and Health Surveys (ZDHS) from 2005–06 
and 2010–11. The DHS are funded by the United States Agency for International Development (USAID). They 
are a well-established source of population-level data with information about knowledge and behaviour 
regarding HIV/AIDS and other sexually transmitted infections. The objectives, organization, sample design and 
questionnaires used in the two Zimbabwe DHS are described elsewhere (Central Statistics Office, 2006). In 
brief, a random sample of men aged 15–59 and women aged 15–49 was selected in both surveys. Three different 
questionnaires were used to obtain socio-demographic data from participating households. Capillary blood 
samples were collected on filter paper card for laboratory testing of HIV in each household. The protocol used 
for collection and analysis of blood specimens was based on an anonymous linked protocol that allows for HIV 
test results to be merged with an individual’s sociodemographic data without identifying the individual 
concerned. In this study, HIV status was linked to a limited number of socio-demographic variables including 
respondent’s sex, age, place of residence, education level, wealth index and region of residence. (Table 1). The 
main variable investigated to have an impact on HIV status was the respondent’s geographic location, i.e. region 
of residence at the time of the survey (Fig. 1), in addition to various control variables such as socio-demographic 
variables known to be associated with HIV status. Age of the respondent at the time of survey was included as 
an indicator of the birth cohort. Other socio-demographic covariates were sex (female vs male), wealth index 
(poorest vs poorer, middle, richer and richest), education of the respondent (no education vs primary, secondary 
and higher education) and place (locality) of residence (rural vs urban). 
Statistical analysis 
 The study applied a unified approach by exploring the spatial patterns in the prevalence of HIV infection at 
the regional level and possible non-linear effects within a simultaneous, coherent regression framework using a geo-
additive semi-parametric mixed model. The model was also able to quantify the spatial autocorrelation of HIV 
infection in Zimbabwe arising from the population’s mobility. The model employed a fully Bayesian approach using 
Markov Chain Monte Carlo (MCMC) techniques for inference and model checking (Fahrmeir & Lang, 2001; 
Kandala et al., 2008). The response variable was defined as yi=1 if HIV sero-positive and yi=0 otherwise. The 
standard measure of effect was the Posterior Odds Ratio (POR). Although this estimation process is used less 
frequently in the literature, the estimated PORs produced can be interpreted in the same way as ordinary logistic 
models. The model and statistical techniques utilized have been described in more detail elsewhere (Kandala et al., 
2011). 
 The model was implemented using the BayesX (version 2.0.1) software package (Brezger et al., 2005), 
which permits Bayesian inference, based on MCMC simulation techniques (University of Munich, Munich, 
Germany). The statistical significance of apparent associations between potential risk factors and the prevalence of 
HIV was explored using chi-squared and Mann–Whitney U-tests, as appropriate. Multivariate analysis was used to 
evaluate the significance of the Posterior Odds Ratio determined for the fixed non-linear effects and spatial effects.  
Results 
The distribution of respondents by socio-demographic variables and HIV status in the two successive ZDHS is 
shown in Tables 1 and 2. The overall HIV prevalence for 2005–06 was 17.9%, and it was higher among females 
(20.7%) than in males (14.1%). Urban areas had a higher prevalence (18.8%) than rural areas (17.5%), but the 
difference was not significant in the bivariate analysis. The 15–25 age group had the lowest prevalence (8.5%), and 
the prevalence rose markedly to 27.9% and 27.7% amongst the 26–35 and 36–49 age groups respectively, before 
declining to 19.3% in those aged 50 years and over. As education level increased, HIV rates decreased from 21.6% 
in the ‘no education’ group to 17.3% in the ‘incomplete secondary education’ group. Prevalence was 6.7% in people 
with complete secondary education. Prevalence rose again to 15.3% in people with education higher than secondary 
school. Wealth index was also a significant predictor of HIV rates, and as wealth index increased so did HIV 
prevalence, with a rise from 16.9% in the poorest group to 21.7% in the richer group, after which there was a sharp 
decrease to 15.6% in the richest group. 
 Matebeleland South (21.1%), Harare (19.3%), Matebeleland North (19.3%), Mashonaland West (19.1%) and 
Mashonaland East (18%) had the highest prevalences of HIV in 2005, exceeded the national prevalence level. The 
lowest prevalence was in Mashonaland Central (16.2%) and Midlands (16.3%).  
 The 2010–11 data show a decline in overall HIV prevalence to 16.4%. Similar to the 2005 data, HIV 
prevalence was higher in females (18.6%) compared with males (13.4%). However, there was a reduced gap in 
prevalence between males and females due both to a reduction in the proportion of infected females and a decrease 
in the proportion of infected males. The lowest prevalence was also noted in the 15–25 age groups (6.6%). This rose 
to 22.8% in the 26–35 age groups before reaching a peak at 27.5% amongst the 36–49 age groups. Prevalence then 
declined to 20.4% in the 50 year and over group. In 2010–11, those with no secondary education still had the highest 
rates of HIV, but individuals with no or incomplete primary education (17.0% and 18.4% respectively) had lower 
rates of HIV compared with individuals with complete primary education, who had the highest HIV rate amongst 
the education groups (19.4%). By 2010–11 the gap between urban and rural areas had widened and reached 
significance: urban areas (17.9%) had a higher HIV prevalence than rural areas (15.6%). The relationship between 
wealth and HIV rates had also changed, as the HIV prevalence in the richer group had decreased from 21.7% to 
17.4%, whereas the HIV rate in the poorest group had increased from 16.9% to 17.5%, and was now the group with 
highest HIV risk.  
 Matebeleland North and Matebeleland South remained areas with the highest HIV prevalence with this 
staying more or less constant at 21.2% and 19.8% respectively. All other regions except Bulawayo showed a 
decrease in prevalence. In Bulawayo, there was an increase in prevalence to 19.5%, changing it from one of the 
lower prevalence areas to one of the highest. Although the Midlands region experienced a decrease in prevalence, it 
went from being one of the lowest to becoming a relatively high-prevalence area. Harare, which was among the 
highest prevalence areas in 2005, in 2010–11 had become the lowest prevalence area (14.2%). The HIV prevalences 
in Matebeleland South, Matebeleland North and Bulawayo were higher than the national average.  
 Table 3 shows the results of the multivariate analysis using Bayesian geo-additive regression analyses, i.e. 
adjusting for many confounding factors (including geographic location), indicating that trends in HIV prevalence 
had changed over time, which is consistent with the unadjusted results. The analysis showed that in 2005–06 HIV 
rates were highest among females, individuals who were 36–49 years old, those with complete primary education 
and those in the richer wealth index category. In 2010–11, females, individuals who were 36–49 years old, those 
with complete primary education, those living in urban areas and in the middle wealth category had the highest rates 
of HIV. After adjusting for other factors, Matebeleland South and Matebeleland North still had consistently higher 
HIV prevalence rates across the provinces of Zimbabwe. However, rates across many provinces changed in different 
directions. The most drastic changes were seen in Harare and Mashonaland West, where HIV rates decreased 
extensively. Harare became the province with the lowest HIV burden in 2011, while Mashonaland West dropped 
from the third highest rate to number eight. Conversely, Bulawayo had a higher burden of HIV in 2011 compared 
with 2005, becoming the province with the third highest HIV rate. Rates in Masvingo and Manicaland remained 
relatively consistent at moderate HIV levels.  
 Two important observations emerged from the province-specific net spatial patterns of HIV, which included 
the total residual spatial patterns of the province (i.e. the sum of the structured and unstructured spatial patterns) 
(Figure 2 and Figure 3). Statistically significant higher HIV rates of 10% and 13% (POR of 1.10 and 1.13) were 
found in the western provinces (Matebaland North and South, respectively) in 2005 (Figure 2), and in 2011 (Figure 
3) of 26% and 53% (POR 1.26 and 1.53) (Figures 2 and 3). Secondly, trends in the remaining provinces changed 
over time, from a significant negative association to no association (Figures 2 and 3). Most of the provinces had 
lower HIV rates in 2005, with the exception of Mashonaland West (POR of 1.04; Figure 2). By 2011, this had 
changed, and there was no spatial association for any of the remaining provinces, with the exception of Harare, 
which still had a negative association with HIV rates (POR of 0.69; Figure 3). Over and above the impact of the 
fixed effects, there appeared to be a higher risk of HIV in the eastern districts (Matebelaland North and South) that 
was consistent over time. 
 The estimated non-linear effects of age at HIV diagnosis were plotted as PORs of the risk of HIV against age 
(Figure 4) . Figure 4 shows the PORs together with the 95% point-wise credible intervals. There was a non-linear 
relationship between the risk of HIV and age during both periods. As expected, in 2005 the likelihood of infection 
increased with age reaching a peak at around 35 years and then decreasing slightly until 50 years before rising again 
thereafter (Figure 4, left-hand panel). In 2011, the likelihood of infection was similar and increased with age until 50 
years (male only), then it levelled off (for males only) and no longer increased compared with [unlike in?] 2005 
(Figure. 4, right-hand panel). It should be pointed out that the age range for females was 15–49 and that for males 
was 15–59, so the above comparison for age 50 and above only refers to male respondents.  
Discussion 
This study investigated inequalities in HIV prevalence at the provincial level in Zimbabwe using Bayesian methods 
and a nationally representative household sample. The analysis took into account the effects of both individual- and 
regional-level measures of social inequality in order to gain insight into the influences of socioeconomic, 
demographic and geographical factors on HIV prevalence in the country.  
 The results show that HIV rates in Zimbabwe reduced over time to 16.4% in 2010–11, which is higher than 
the figure of around 15% reported in other studies (Zimbabwe National Statistics Agency, 2012; Glory, 2014). This 
could be because the estimate was unweighted and included individuals aged over 50, while previous studies only 
included individuals aged 15–49 years. The marginal difference in reported values is statistically insignificant. 
 The most striking spatial change found in this study was that Harare in 2005 had the third highest HIV rate of 
all the Zimbabwean provinces, but by 2010–11 it had the lowest. This could be attributed to the success of 
interventions in this urban area. Conversely, Bulawayo had the lowest HIV rate in 2005 but by 2010–11 had the 
third highest rate. Therefore, the spatial findings from the 2010–11 data generally indicate that HIV rates 
progressively increased from the south-western regions to the north-eastern regions.  
 Over time, the highest HIV rates were found in females, the 26–49-year cohort and in individuals with no 
secondary education. Females were usually at higher risk of HIV due to early age of intercourse, economic factors 
(such as poverty and exposure to sex trafficking) as well as cultural factors where they may have less power to 
demand protective measures or refuse sex (Duffy, 2005; Karim et al., 2010). Another possible explanation for the 
higher risk of HIV observed among females may be the large mucosal surface of the vagina, which is more prone to 
injury and infection than the penis. 
 It is vital to tailor HIV prevention efforts to women to reduce the burden of the epidemic. Individuals aged 
26–49 had higher rates of HIV compared with other groups, which may be because this is the group that has the 
resources, opportunity and access to a social network to engage in risky sexual behaviour.  
 The relationship between wealth index category and HIV rates changed between 2005 and 2010–11; whilst 
the richer group had higher HIV rates in 2005, in 2010–11 the poorest group had the highest risk. This could be due 
to the loss of household income and assets due to HIV so that those in the richer wealth category move to the poorer 
category (Parkhurst, 2010). Previous findings have shown that the decline in HIV incidence has largely been in the 
top of the wealth index category (Lopman et al., 2007). Those in the poorest wealth index category are also less 
likely to have had a secondary education and possibly less access to health education and promotion materials. A 
systematic review found that HIV prevalence falls more consistently among highly educated groups than the less 
educated, even when overall population prevalence is falling (Hargreaves et al., 2008). Furthermore, people in the 
lower wealth index group might have fewer available resources to put health promotion recommendations into 
practice. For instance, transmission of the HIV virus through breast-feeding can be prevented by substituting breast 
milk with formula milk. However, the poor may not have access to clean water and may be unable to afford formula 
milk.  
 At the individual level, people in the richer wealth category were possibly at higher risk of HIV due to 
opportunity and the social network available for engagement in risky sexual behaviours, whilst people in the poorest 
group might be at increased risk due to early sexual debut and transactional sex (Fenton, 2004; Shelton et al., 2005; 
Parkhurst, 2010). Thus, HIV infection risk in the higher wealth category is based on risky behaviour related to 
wealth, and risk in the poorer group is based on risky behaviour related to poverty (Parkhurst, 2010). Therefore, it is 
important for policymakers to move beyond the assumption that HIV infection is strictly related to poverty or wealth 
and instead focus on addressing HIV risk factors and contributing factors unique to each group (Parkhurst, 2010). 
 Consistent with the situation in other African countries (Dyson, 2003), urban dwellers in Zimbabwe are at 
higher risk of HIV compared with rural dwellers, and the gap between the two has increased over time. Some studies 
have shown this to be partly the result of successful interventions in rural compared with urban settings (Orne-
Gliemann et al., 2006). Industrialized cities with developed infrastructure encourage migration from rural to urban 
areas causing higher density of the population and increasing contact and transmission with HIV (Voeten et al., 
2010). Migration also increases the level of commercial sex work in urban settings (Bloom & Canning, 2003; 
Kalipeni et al., 2007).  
 HIV rates in Zimbabwe over time have remained spatially distributed, with consistently highest rates in 
Matebeleland South and Matebeleland North. The reasons for the higher rate of HIV infection in specific provinces 
have not been extensively studied in Zimbabwe. One possibility for the high HIV trends across both Matebeleland 
provinces is the higher prevalence of poverty in these regions (Zimbabwe National Statistics Agency, 2013). 
Equally, Harare had the lowest rate of HIV prevalence in 2010–11 and also had lower levels of poverty than other 
provinces. This possible association between poverty and HIV rates also fits with the findings in this study where in 
2010–11 individuals in the poorest wealth categories had the highest rates of HIV. Conversely, Bulawayo had the 
second lowest rate of poverty yet had one of the highest HIV prevalence rates compared with other regions, and 
Mashonaland Central had one of the lowest HIV rates in 2005 but is a region with high poverty levels (Sandoy et al., 
2006). Another hypothesis is that Matebeland South and North have higher HIV rates as they share borders with the 
districts of Botswana that have the highest HIV rates (Kandala et al., 2012). Therefore, migration between the areas 
may increase HIV rates in the Matebeleland provinces.  
 The major strength of this study was that it used a nationally representative household survey to investigate 
and explain inequalities in HIV rates accounting for individual, household and regional factors. Furthermore, 
Bayesian methodology was applied, which quantifies observable and non-observable risk factors of HIV whilst 
taking into account the auto-correlation in the data that exists between neighbouring geographic locations as people 
with HIV interact. A limitation of the study is that the data were cross-sectional, which means a causal association 
between HIV prevalence and its risk factors could not be inferred. Likewise, there was a time lag between exposure 
to HIV and its detection. Therefore, a risk factor during the time period it was analysed may not necessarily inform 
the exposure to HIV infection during the earlier years. Finally, other factors that were not included in the model 
analysis, such as condom use and number of sexual partners, may also contribute to the inequality in HIV 
prevalence.  
 This study was an extensive investigation into the spatial variation in HIV infection rates in Zimbabwe in 
2005–06 and 2010–11. The study showed a significant geographic pattern of HIV infection, with the highest 
prevalence being around the south-western provinces of Zimbabwe, especially Matabeleland South and North. There 
is a need to investigate the reasons why these regions are at greater risk of HIV infection so that they can be targeted 
with HIV intervention programmes. The HIV distributions provided by this study can be used by policymakers to 
plan and implement HIV/AIDS interventions across Zimbabwe for the efficient allocation of resources to those at 
greatest risk.  
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Fig. 1. Map of Zimbabwe showing its ten regions. 
Fig. 2. Left: total residual spatial effects of the risk of HIV/AIDS at region level in Zimbabwe in 2005–06. Shown are the 
posterior odds ratios. Right: corresponding posterior probabilities at 90% nominal level. 
Fig. 3. Left: total residual spatial effects of the risk of HIV/AIDS at region level in Zimbabwe in 2010–11. Shown are the 
posterior odds ratios. Right: corresponding posterior probabilities at 90% nominal level. 
Fig. 4. Estimated non-linear (logit) effects of respondent’s age on the risk of HIV/AIDS at the time of HIV/AIDS diagnosis in 
2005–06 (left) and 2010–11 (right). Shown are the posterior logit within the 95% and 80% credible intervals (ZDHS, 2005–06 
and 2010-–11). Note that for females age ranges from 15 to 49 and for males from 15 to 59. 
  
Table 1. Baseline characteristics of the study respondents, ZDHS 2005–06 and 2010–11 
Variable ZDHS 2005–06 
(N=13,069) 
ZDHS 2010–11 (N=16,651) 
Mean age (SD)a 27.7 (9.9) 28.4 (9.9) 
Sex   
   Male 42.6 44.9 
   Female 57.4 55.1 
HIV status (%)   
   Yes 17.9 16.4 
    No 82.1 83.6 
Place of residence (%)   
    Urban 31.7 35.9 
    Rural 68.3 64.1 
Education (%)   
   None 3.1 1.9 
   Incomplete primary 27.4 10.9 
   Complete primary  5.1 16.3 
   Incomplete secondary 59.3 63.3 
   Complete secondary 1.6 2.2 
   Higher  3.4 5.3 
Wealth Index category (%)   
       Poorest 18.9 18.0 
       Poorer 19.6 17.3 
       Middle 19.3 18.0 
       Richer 22.2 22.5 
       Richest 20.0 24.1 
Region of residence (%)   
   Manicaland 11.5 11.0 
   Mahonaland Central 8.1 10.4 
   Mashonaland East 8.6 9.6 
   Mashonaland West 9.3 11.1 
   Matebeleland North 7.6 8.2 
Variable ZDHS 2005–06 
(N=13,069) 
ZDHS 2010–11 (N=16,651) 
   Matebeleland South 6.5 9.1 
   Midlands 15.0 11.0 
   Masvingo 11.3 8.2 
   Harare 13.5 12.8 
   Bulawayo 8.6 8.6 
Data expressed as mean (standard deviations) or as percentages. 
aAge ranges from 15 to 59 years. 
  
Table 2. Baseline characteristics of the study respondents by HIV status, Zimbabwe DHS, 2005–06 and 2010–11 
 ZDHS 2005–06 ZDHS 2010–11 
Variable 
HIV negative 
(N=10,714)  
HIV positive 
(N=2335) p-valuea 
HIV negative 
(N=8455) 
HIV positive 
(N=5277) p-valuea 
Age group (%)   <0.001   <0.001 
   15–25 years 91.5 8.5  93.4 6.6  
   26–35 years 72.1 27.9  77.2 22.8  
   36–49 years 72.3 27.7  72.5 27.5  
   >49 years 80.7 19.3  79.6 20.4  
Place of residence (%)   0.08   0.001 
   Urban 81.2 18.7  82.1 17.9  
   Rural 82.5 17.5  84.3 15.6  
Sex   <0.001   <0.001 
   Male 85.9 14.1  86.6 13.4  
   Female 79.3 20.7  81.4 18.6  
Education (%)   <0.001   <0.001 
    None 78.3 21.6  83.0 17.0  
    Incomplete primary 80.6 19.4  81.6 18.4  
    Complete primary  80.4 19.6  80.6 19.4  
    Incomplete secondary 82.7 17.3  84.2 15.8  
    Complete secondary  93.3 6.7  91.5 8.5  
    Higher  84.6 15.3  88.1 11.9  
Wealth index category (%)   <0.001   0.001 
   Poorest 83.1 16.9  82.5 17.5  
   Poorer 82.2 17.8  84.1 15.9  
   Middle 83.0 17.0  82.8 17.2  
   Richer 78.3 21.7  82.6 17.4  
   Richest 84.4 15.6  86.0 14.0  
Region of residence (%)   0.035   <0.001 
   Manicaland 82.6 17.4  85.1 14.9  
   Mahonaland Central 83.8 16.2  85.2 14.8  
 ZDHS 2005–06 ZDHS 2010–11 
Variable 
HIV negative 
(N=10,714)  
HIV positive 
(N=2335) p-valuea 
HIV negative 
(N=8455) 
HIV positive 
(N=5277) p-valuea 
   Mashonaland East 82.0 18.0  84.6 15.4  
   Mashonaland West 80.8 19.2  84.2 15.8  
   Matebeleland North 80.7 19.3  80.2 19.8  
   Matebeleland South 78.9 21.1  78.8 21.2  
   Midlands 83.6 16.3  84.1 15.9  
   Masvingo 83.3 16.7  85.0 15.0  
   Harare 80.7 19.3  85.8 14.2  
   Bulawayo 82.8 17.2  84.5 19.5  
Data expressed as mean (standard deviation) or as percentages.  
ap-value comparison across HIV-positive and -negative cases using the chi-squared test for categorical variables. 
  
Table 3. Unadjusted and fully adjusted odds ratios HIV status cross selected covariates, 2005–06 and 2010–11 
ZDHS 
 ZDHS 2005–06 ZDHS 2010–11 
Variable 
Marginal fully-
adjusted OR 
(95%CI)a 
Bayesian fully 
adjusted OR (95% 
CI)b 
Marginal fully-
adjusted OR 
(95%CI)a 
Bayesian fully 
adjusted OR (95% 
CI)b 
Age group (%)     
   15–25 years (Ref.) 1.00  1.00  
   26–35 years 4.19 (3.73, 4.70) Figure 4 left 4.32 (3.82, 4.90) Figure 4 right 
   36–49 years 4.37 (3.84, 4.97)  5.72 (5.02, 6.52)  
   >49 years 3.54 (2.52, 4.97)  5.13 (3.77,6.98)  
Place of residence (%)     
   Urban 1.29 (1.05, 1.60) 1.23 (1.02, 1.48) 1.97 (1.66, 2.34) 1.87 (1.60, 2.19) 
   Rural (Ref.) 1.00 1.00 1.00 1.00 
Sex     
   Female 1.58 (1.43, 1.75) 1.51 (1.36, 1.68) 1.46 (1.32, 1.62) 1.44 (1.31, 1.60) 
   Male (Ref.) 1.00 1.00 1.00 1.00 
Education (%)     
   No education 1.05 (0.72, 1.53) 1.28 (0.94, 1.91) 0.98 (0.64, 1.50) 1.06 (0.71, 1.52) 
   Incomplete primary 1.41 (1.05, 1.89) 1.67 (1.26, 2.32) 1.58 (1.19, 2.11) 1.69 (1.12, 2.17) 
   Complete primary  1.63 (1.16, 2.30) 1.93 (1.30, 2.63) 1.72 (1.31, 2.26) 1.79 (1.38, 2.27) 
   Incomplete secondary 1.53 (1.16, 2.02) 1.70 (1.31, 2.31) 1.68 (1.31, 2.16) 1.74 (1.44, 2.24) 
   Complete secondary 0.76 (0.41, 1.41) 0.74 (0.44, 1.26) 1.11 (0.67, 1.84) 1.01 (0.52, 1.57) 
   Higher education (Ref.) 1.00 1.00 1.00 1.00 
Wealth index category (%)     
   Poorest 1.25 (0.98, 1.59) 1.18 (0.93, 1.47) 1.66 (1.34, 2.05) 1.60 (1.34, 1.96) 
   Poorer 1.39 (1.10, 1.75) 1.33 (1.07, 1.63) 1.63 (1.33, 2.00) 1.61 (1.33, 2.02) 
   Middle 1.38 (1.10, 1.73) 1.35 (1.11, 1.76) 1.75 (1.45, 2.12) 1.73 (1.43, 2.09) 
   Richer 1.60 (1.37, 1.88) 1.54 (1.32, 1.87) 1.36 (1.17, 1.59) 1.33 (1.17, 1.54) 
   Richest 1.00 1.00 1.00 1.00 
Region of residence (%)  Figure 2  Figure 3 
   Manicaland 1.03 (0.82, 1.28) 0.94 (0.83, 1.05) 0.93 (0.76, 1.15) 0.90 (0.77, 1.09) 
   Mahonaland Central (Ref.) 1.00 0.95 (0.79, 1.07) 1.00 0.94 (0.82, 1.16) 
 ZDHS 2005–06 ZDHS 2010–11 
Variable 
Marginal fully-
adjusted OR 
(95%CI)a 
Bayesian fully 
adjusted OR (95% 
CI)b 
Marginal fully-
adjusted OR 
(95%CI)a 
Bayesian fully 
adjusted OR (95% 
CI)b 
   Mashonaland East 1.05 (0.83, 1.33) 0.97 (0.88, 1.06) 1.02 (0.82, 1.26) 0.95 (0.82, 1.13) 
   Mashonaland West 1.20 (0.96, 1.51) 1.04 (0.92, 1.19) 0.95 (0.78, 1.17) 0.93 (0.79, 1.05) 
   Matebeleland North 1.28 (1.01, 1.63) 1.10 (1.00, 1.27) 1.32 (1.07, 1.65) 1.26 (1.07, 1.51) 
   Matebeleland South 1.36 (1.06, 1.73) 1.13 (1.02, 1.30) 1.64 (1.33, 2.01) 1.53 (1.26, 1.84) 
   Midlands 1.00 (0.81, 1.24) 0.94 (0.86, 1.01) 1.00 (0.82, 1.23) 0.99 (0.87, 1.12) 
   Masvingo 1.04 (0.84, 1.30) 0.97 (0.86, 1.08) 0.96 (0.77, 1.20) 0.92 (0.76, 1.12) 
   Harare 1.13 (0.87, 1.46) 1.02 (0.89, 1.19) 0.67 (0.53, 0.85) 0.69 (0.58, 0.81) 
   Bulawayo 1.00 (0.75, 1.32) 0.96 (0.81, 1.12) 1.11 (0.85, 1.44) 1.12 (0.91, 1.36) 
Rank of marginal OR in 2005–06: Matebeleland South (1), Matebeleland North (2), Mashonaland West (3), Harare (4), 
Mashonaland East (5), Masvingo (6), Manicaland (7), Midlands (8), (9), Mahonaland Central (10). 
Rank of marginal OR in 2010–11: Matebeleland South (1), Matebeleland North (2), Bulawayo (3), Mashonaland East (4), 
Midlands (5), Mahonaland Central (6), Masvingo (7), Mashonaland West (8), Manicaland (9), Harare (10). 
aMarginal fully adjusted odds ratio (OR) from standard logistic regression models and ranked from the highest to the lowest OR. 
Mahonaland Central is taken as reference because of its low HIV prevalence in both 2005 and 2011.  
bSpatially adjusted posterior odds ratio (POR) obtained from the Bayesian geo-additive regression mixed model after controlling 
for non-linear effect of age, categorical variables and the region of residence (spatial effects: see also Figs 2 and 3). 
Ref., reference category. 
